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DRIFT ELIMINATOR, LIGHT TRAP, AND METHOD OF FORMING SAME 

BACKGROUND OF THE INVENTION 
[0001] The discharge of suspended or entrained water in air exiting a cooling tower is 
referred to, in the cooling tower industry, as "drift." Devices that reduce drift are known to as 
"drift eliminators" or "drift reduction units" ("DRUs"). Drift eliminators are a integral 
component of both cross-flow and counter-flow water cooling towers. A properly 
performing DRU removes most of the water in an exit air stream leaving a cooling tower. 
Specifically, DRUs should be capable of lowering the entrained water to approximately 
0.005% of the total operating gallons per minute of the cooling tower. 

[0002] Drift emissions requirements, which are often mandated by environmental 
regulations, are significant factors in cooling tower design and operation. In one design, 
DRUs are stacked into cooling towers to form a continuous wall of separation between the 
cooling media and the fan discharging the exit air. Installation of the DRU is accomplished 
by stacking air channel modules into the cooling tower frame supporting the units so that the 
individual modules are tightly connected at their adjoining edges. The ability of a DRU to 
form a tight seal at the interface of the adjoining edges is dependant upon the geometry and 
construction of the individual DRU. Further, the degree to which the adjoined edges are 
sealed directly impact the DRU's ability to-remove entrained water in the air exiting the 
cooling media. Ideally, there would be no leaks in this wall, as even small amounts of air 
bypassing the DRUs will result in moisture discharge that is in excess of allowable limits. 
[0003] One previous DRU design included a generally sinusoidal air channel design which 
was constructed with the edge of each air channel module being finished with a flat sheet of 
material. The flat sheets were provided due to the inability to nest adjacent air channel 
modules effectively, without creating a gap between the modules. The flat sheets formed 
joint interfaces between the adjoining edges of the modules or at an otherwise exposed end 
thereof. However, this design was deemed unsatisfactory due to the inability to seal the flat 
sheets interfaces between mating modules completely and effectively, i.e., as the sinusoidal 
channel were not uniformly formed, they created an irregular edge at the end of each module 
that could not be effectively sealed against an adjoining module 

[0004] One such first generation DRU design was manufactured using a dual interlocking 
belt forming machine that, when compressed, created generally matching thermoformed 
sheets. Unfortunately, the matching sheets had inconsistent depths and undesirable 
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dimensional variances between successive curves in the individual sheets used to form the air 
channels. As a result of the irregular surface of the original thermoformed parts: (a) the 
sinusoidal ends of these thermoformed sheets could not nest tightly together to form a 
completely water-tight seal and; (b) the flat sheets glued to the ends of the modules (which 
were used to attempt to create a water-tight seal) did not form a straight, parallel interface 
between modules and thereby allowed water laden air to slip through the drift eliminators and 
exit the cooling tower stack creating drift. In other words, the irregularities prevented the 
finished modules from nesting or mating close enough at the flat end sheets to prevent air 
leakage between the modules. As a result, sales of this first generation product were 
eventually discontinued because it could not consistently attain the required drift reduction 
levels for modern cooling towers. 

[0005] As a result of the discontinuation of the first generation design, the industry turned to 
a plurality of second generation designs. In one such second generation design, long 
components having a middle portion with a substantially inverted V-shaped cross sections are 
employed. Air channels pass though the components in the direction perpendicular to the 
components' length. As a result, a middle portion of the air channels has a substantially 
inverted V-shape. Moreover, as the channels' inlet and outlets are positioned in horizontal 
passages connected to the base of the inverted V, the air channel has three turns: one where 
the inlet passage meets a first side of the base, one at the pinnacle of the inverted V and one 
where the second side of the base meets the outlet passage. 

[0006] This inverted V shape facilitates nesting of other like shaped components on top of 
one another. However, to avoid the problems in the first generation embodiment, the 
components have to be as long as the cooling tower chamber into which they are to be used. 
In other words although the components can be nested one on top of another, modules of 
these components can not be nested side-by-side in a cooling tower without an unacceptable 
gap being created between the modules. 

[0007] Unrelated to the drift elimination concerns of cooling towers, a device has long been 
sought to be used in commercial chicken houses which can provide ventilation while serving 
as a light trap and which can engage other similar devices without enabling light to pass 
between the devices. Light traps are necessary in commercial chicken houses to facilitate 
simulating multiple day cycles in a single 24 hour period. By exposing the chickens to a 12 
hour "day," the chickens lay twice as many eggs per 24 hour period. To effectively convince 
the chickens that the "day" is 12 hours, the chickens need to be exposed to six hour light 
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cycles, i.e., six hours of light, six hours of darkness, six hours of light, and six hours of 
darkness, during each 24 hour period. However, to create a six hour darkness period 
effectively during actual daylight hours, the walls of the chicken house must not transmit any 
light, while at the same time provide ventilation. 

[0008] Currently, ventilation walls in chicken houses are formed from a series of components 
each of which, on it own, serves sufficiently well as a ventilating light trap. However, when 
the components are placed against each other to create the ventilation wall, gaps are created 
between the components. The gaps enable an unacceptable amount of light to pass between 
the component, thereby enabling the chickens to know that it is "day" when they should be 
under the impression that it is "night." 

SUMMARY OF THE INVENTION 
[0009] One embodiment of the invention addresses a drift eliminator which includes a first 
plurality of air channel modules, each module comprising a plurality of air channels and at 
least one planar sheet positioned between two of the air channel modules. When air 
containing entrained water flows through the air channels, the air exiting the air channels 
contains less than about 0.01% entrained water by volume. The air channel modules are 
formed by a series of undulating sheets. A last sheet of the first plurality of air channel 
modules is configured to nest in a primary sheet of a second plurality of air channel modules 
so that substantially no gap is formed between the first sheet and the second sheet. 
[0010] In a further embodiment of the drift eliminator, the air passing through the air 
channels may travel in a non-linear path. 

[0011] In another further embodiment of the drift eliminator, the air passing through the air 
channels may travel in a non-linear path which may have at least one portion which defines 
an upward direction. 

[0012] In another further embodiment of the drift eliminator, the series of undulating sheets 
may include: (a) a first plurality of sheets having an undulating shape creating a series of 
alternating peaks and troughs; and (b) a second plurality of sheets having an undulating shape 
creating a series of alternating peaks and troughs. The sheets of the first and second 
pluralities of sheets of the first plurality of air channel modules may be alternately stacked. 
The troughs of the sheets in the first and second pluralities of sheets of the first plurality of air 
channel modules may abut each other, thereby creating the air channels between the peaks of 
the first and second pluralities of sheets of the first plurality of air channel modules. 
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[0013] In another further embodiment of the drift eliminator, the drift eliminator may also 
include a second plurality of air channel modules. The second plurality of air channel 
modules may include: (a) a first plurality of sheets having an undulating shape creating a 
series of alternating peaks and troughs; and (b) a second plurality of sheets having an 
undulating shape creating a series of alternating peaks and troughs. The sheets of the first 
and second pluralities of sheets of the second plurality of air channel modules may be 
alternately stacked. The troughs of the sheets in the first and second pluralities of sheets of 
the second plurality of air channel modules may abut each other, thereby creating the air 
channels between the peaks of the first and second pluralities of sheets of the second plurality 
of air channel modules. 

[0014] In another further embodiment of the drift eliminator, the last sheet of the first 
plurality of air channel modules is nested in the primary sheet of the second plurality of air 
channel modules. 

[0015] In another further embodiment of the drift eliminator, the drift eliminator may include 
at least one planar sheet positioned between two of the air channel modules in the second 
plurality of air channel modules. 

[0016] In another further embodiment of the drift eliminator, a planar sheet may be between 
each of the air channel modules in the first plurality of air channel modules and a planar sheet 
may be between each of the air channel modules second plurality of air channel modules. 
[0017] In another further embodiment, the last sheet of the first plurality of air channel 
modules and the primary sheet of the second plurality of air channel modules may be 
effectively joined without being bonded, glued, sealed, or caulked. 

[0018] In another further embodiment, as a result of the last sheet of the first plurality of air 
channel modules being nested in the primary sheet of the second plurality of air channel 
modules, a substantially airtight seal may be created between the last sheet of the first 
plurality of air channels and the primary sheet of the second plurality of air channels, 
provided that lateral movement of the first and second air channel modules is substantially 
inhibited. 

[0019] In another further embodiment of the drift eliminator, the air exiting the air channels 
contains less than about 0.005% entrained water by volume. 

[0020] In another further embodiment, the air channel modules may be formed via a vacuum 
thermoforming process. 
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[0021] The invention also addresses an apparatus which includes a first plurality of air 
channel modules and a second plurality of air channel modules. The first plurality of air 
channel modules includes: (a) a first plurality of sheets having an undulating shape creating a 
series of alternating peaks and troughs; and (b) a second plurality of sheets having an 
undulating shape creating a series of alternating peaks and troughs. The sheets of the first 
and second pluralities of sheets of the first plurality of air channel modules are alternately 
stacked. The troughs of the sheets in the first and second pluralities of sheets of the first 
plurality of air channel modules abut each other, thereby creating the air channels between 
the peaks of the first and second pluralities of sheets of the first plurality of air channel 
modules. The second plurality of air channel modules includes: (a) a first plurality of sheets 
having an undulating shape creating a series of alternating peaks and troughs; and (b) a 
second plurality of sheets having an undulating shape creating a series of alternating peaks 
and troughs. The sheets of the first and second pluralities of sheets of the second plurality of 
air channel modules are alternately stacked. The troughs of the sheets in the first and second 
pluralities of sheets of the second plurality of air channel modules abut each other, thereby 
creating the air channels between the peaks of the first and second pluralities of sheets of the 
second plurality of air channel modules. A last sheet of the first plurality of air channel 
modules is nested in a primary sheet of the second plurality of air channel modules such that 
substantially no gap is created between the last sheet and the primary sheet. 
[0022] In a further embodiment of this apparatus, the apparatus may include at least one 
planar sheet positioned between two of the air channel modules in the first plurality of air 
channel modules and at least one planar sheet positioned between two of the air channel 
modules in the second plurality of air channel modules. 

[0023] In another further embodiment of this apparatus, a planar sheet may be between each 
of the air channel modules in the first plurality of air channel modules and a planar sheet may 
be between each of the air channel modules second plurality of air channel modules. 
[0024] In another further embodiment of this apparatus, the air passing through the air 
channels may travel in a non-linear path. 

[0025] In another further embodiment of this apparatus, the air passing through the air 
channels may travel in a non-linear path which may have at least one portion which defines 
an upward direction. 

[0026] In another further embodiment of this apparatus, when air containing entrained water 
flows through the air channels in the first and second pluralities of air channel modules, the 
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air which exits the first and second pluralities of air channel modules contains less than about 
0.01% of water by volume. 

[0027] In another further embodiment of this apparatus, when air containing entrained water 
flows through the air channels in the first and second pluralities of air channel modules, the 
air which exits the first and second pluralities of air channel modules contains less than about 
0.005% of water by volume. 

[0028] In another further embodiment of this apparatus, the air channels may be configured 
such that substantially no light may pass through the air channels. 

[0029] In another further embodiment of this apparatus, the first and second pluralities of air 
channel modules may be formed via a vacuum thermoforming process. 

[0030] The invention also address a method embodiment of forming an apparatus. This 
method includes: (a) providing a first plurality of air channel modules, the first plurality of 
air channel modules having a last sheet; (b) providing a second plurality of air channel 
modules, the second plurality of air channel modules having primary sheet; and (c) nesting 
the primary sheet in the last sheet such that substantially no gap is created between the 
primary sheet and the last sheet, thereby forming a apparatus. 

[0031] In a further embodiment of this method, the method may include: (d) inputting water 
laden air into the apparatus; and (e) exhausting air from the apparatus. The exhausted air 
may contain less than about 0.01% of water by volume. Further, the exhausted air may 
contain less than about 0.005% of water by volume. 

[0032] In another further embodiment of this method, the first plurality of air channel 
modules may include a plurality of sheets and the method may further include: 
thermoforming the plurality of sheets of the first plurality of air channels or vacuum-forming 
the plurality of sheets of the first plurality of air channels. 

[0033] In another further embodiment of this method, the second plurality of air channel 
modules may include a plurality of sheets and the method may further include: 
thermoforming the plurality of sheets of the second plurality of air channels; or vacuum- 
forming the plurality of sheets of the second plurality of air channels. 

[0034] In another further embodiment of this method, the apparatus may be configured to be 
a drift eliminator or a light trap. 

[0035] The invention also address another method embodiment. This method includes: (a) 
providing a first plurality of air channel modules, the first plurality of air channel modules 
having a last sheet; (b) providing a second plurality of air channel modules, the second 
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plurality of air channel modules having primary sheet; (c) nesting the primary sheet in the last 
sheet such that substantially no gap is created between the primary sheet and the last sheet, 
thereby forming a drift eliminator; (d) inputting water laden air through the drift eliminator; 
and (e) exhausting air from the apparatus. The exhausted air contains less than about 0.01% 
of water by volume. 

[0036] In a further embodiment of this method, wherein the exhausted air contains less than 
about 0.005% of water by volume. 

[0037] The invention also address a light trap which includes at least two air channel 
modules comprising a plurality of sheets comprising at least a first sheet, a second sheet, and 
a third sheet. Each of the sheets comprises a series of troughs and peaks. The sheets are 
arranged such that the troughs of the first sheet abut the troughs of the second sheet and the 
peaks of the second sheet abut the peaks of the third sheet, to create a plurality of air 
channels. The sheets are formed such that a last sheet of a first air channel module may be 
nested in a primary sheet of a second air channel module so that substantially no light may 
pass between the sheets or through the air channels. 

[0038] In a further embodiment of the light trap, the air channels may include at least three 
turns or at least four turns. 

[0039] In another further embodiment of the light trap, the air channel modules may be 
formed via a vacuum thermoforming process. 

[0040] In another further embodiment of the light trap, the light trap may be configured to be 
used in a chicken house. 

[0041] These and other features, aspects, and advantages of the present invention will 
become more apparent from the following description, appended claims, and accompanying 
exemplary embodiments shown in the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0042] Figure 1 is a perspective view of an air channel module containing a plurality of air 
channels; 

[0043] Figure 2 is a side-by-side perspective view of two sheets used to form air channels of 
the type shown in Figure 1 ; 

[0044] Figure 3 is a perspective view of a series of air channel modules of the type shown in 
Figure 1, wherein each of the air channel modules is separated by a flat sheet substantially 
uniformly affixed to the adjoining edges of the modules; 
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[0045] Figure 4 is a side-by-side front view of two series of air channel modules of the type 
shown in Figure 3; 

[0046] Figure 5 is front view of the two series of air channel modules of Figure 4 joined to 
each other by nesting the air channels on a right end of the left series in the air channels on 
the right end of the left series; and 

[0047] Figure 6 is a side view of a double air channel module which enables air, but not light, 
to travel through the module. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0048] Presently preferred embodiments of the invention are illustrated in the drawings. An 
effort has been made to use the same reference numbers throughout the drawings to refer to 
the same or like parts. 

[0049] An embodiment of a DRU system 100 is shown in Figures 1-5. This system 100 
benefits from an improved manufacturing process by which the previously leakage problems 
of the first generation sinusoidal DRU are avoided. This DRU system 100 is manufactured 
using an advanced vacuum thermoforming machine which is capable of accurately and 
consistently producing the desired sinusoidal air channel shape from a sheet of PVC. Further, 
as later explained in detail, as a result of the precision used in creating the channels, the 
channels are able to nest together to form a substantially leak-proof seal between air channel 
modules. Moreover, as a result of the substantially leak-proof nesting, this DRU system 100 
increases the overall performance over the first generation DRU by eliminating the module- 
to-module interface leak which, in turn, reduces the pressure drop of the air passing through 
the DRU and increases the elimination of entrained water in the air exiting the cooling tower. 
[0050] The entrained water is removed through a kinetic separation process that forces the air 
exiting the cooling media through a series of curved channels forming an air channel module. 
The curved channels cause the air to turn and accelerate at a rate that exceeds the capability 
of the entrained water to stay suspended in the air. As a result of this process, the water 
impinges on the surface of the channel walls where it centrifugally separates from the air 
stream and combines to form droplets. As the droplets grow, they become large enough to 
overcome factional forces in the air channels and fall back into the cooling tower cold water 
basin. 

[0051] Figure 1 is a perspective view of an air channel module 120 containing a plurality of 
air channels 130. As shown in Figure 2, the channels 130 are formed of two sheets 122, 124 
which are substantially mirror images of each other. Each sheet 122, 124 has an undulating 
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shape which defines a series of peaks 122 A, 124 A and troughs 122B, 124B which remain 
substantially parallel over the generally curved shaped. The sheets 122, 124 are precision 
formed using a vacuum thermoforming process such that the curved-shaped troughs 122B, 
124B of the sheets 122, 124 are adapted to rest against each other over their length. As a 
result, the air channels 130 are formed between the peaks 122 A, 124A. Moreover, by sealing 
the troughs 122B, 124B together over their lengths by any conventional bonding process 
(e.g., adhesive, melting, etc.), the channels 130 are substantially air-tight, i.e., the channels 
1 30 have substantially no leaks which may otherwise enable water laden air to inadvertently 
pass through the air channel module 120 without having the water removed from it. 
[0052] As shown in Figure 1, the air channels 130 have a generally curved, sinusoidal shape. 
Water laden air enters the channels 130 at a lower inlet 132 and exits via an upper outlet 134, 
i.e., the water laden air flows generally in the direction indicated by arrows A, but 
experiences an upward rise in the process of flowing through the channels 130. As the water 
laden air passes through the channels 130, it travels upward through a narrow portion 136 in 
each of the channels 130. As the cross-sectional area of channels 130 is smaller in the narrow 
portions 136, the speed of the water laden air passing through the channels 130 is much 
greater than at the inlet 132 and outlet 134. Further, as a result of the combination of the 
increased speed and lower and upper turns 138, 139 in the channels 130, entrained water 
centrifugally impinges on the walls of the channels 130 and collects thereon. As the water 
collects, it forms droplets which, when they become large enough to overcome frictional 
forces, fall under the force of gravity down the narrow portion 136, out the inlet portion 132, 
and into the cooling tower cold water basin (not shown). As a result, the air exiting the 
outlets 134 contains less than about 0.01% (and preferably less than about 0.005%) of water 
by volume and, therefore, the air exiting the outlets 134 is substantially water-free. 
[0053] To add rigidity and stability to an air channels module 120, another air channel 
module 120 may be provided and separated by a flat sheet 150, as shown in Figure 3. As a 
result of the high precision forming of the air channels 130, the flat sheets 150 may 
substantially and uniformly abut the troughs 122B, 124B of the air channels 130. Moreover, 
the flat sheets 150 may be bonded to the troughs 122B, 124B by any conventional bonding 
process (e.g., adhesive, melting, etc.). Regardless of the bonding process, when a plurality of 
air channel modules 120 are connected, the result is a first plurality of air channel modules 
1 60 which may form the basis of constructing a larger drift eliminator 1 00. 
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[0054] As shown in Figures 4 and 5, the first plurality of air channel modules 160 may be 
adapted to engage a second plurality of air channel modules 180. As can be seen, the far 
right sheet 124 of the first plurality of air channel modules 160 and the far left sheet 122 of 
the second plurality of air channel modules 180 may not have a flat sheet 150 affixed thereto. 
However, as a result of the precision by which the sheets 122, 124 are formed, the far left 
sheet 122 of the second plurality of air channel modules 180 may be nested in the far right 
sheet 124 of the first plurality of air channel modules 160. 

[0055] In nesting the left sheet 122 in the right sheet 124, the peaks 124A of the left sheet 
122 fit within and engage the troughs 124B of the other sheet 124 and vise versa, thereby 
forming a tight, tortuous seal between the adjoining modules 160, 180. The nesting sheet 
122, 124 do not need to be bonded as a result of the precision to which the sheets 122, 124 
are formed, i.e., the sheets 122, 124 nest completely such that they effectively seal 
themselves, provided that lateral movement of the modules 160, 180 is substantially 
prevented. Moreover, the nesting substantially eliminates any potential for gaps between the 
plurality of air channel modules 160, 180, thereby reducing the likelihood of leakage. 
[0056] The tight engagement between the air channel modules 160, 180 eliminates the need 
for additional materials such as sealers, caulking, or glue to prevent the DRU 100 from 
leaking between the nested sheets 122, 124. As a result, the nesting (a) enhances the ability 
of the drift eliminator 100 to remove entrained water in the air flowing through the channels 
130 and (b) prevents (or at least greatly reduces the likelihood of) an inadvertent pressure 
drop across the drift eliminator 100. Moreover, by preventing (or at least greatly reducing the 
likelihood of) a pressure drop, a cooling tower employing the drift eliminator conserves 
horsepower and, therefore, is more efficient. 

[0057] Although unrelated to the aforementioned DRU embodiment 100, the same design 
principles which were used to create the drift eliminator 100 have also yielded a light trap 
200, as shown in Figure 6. In this light trap 200, air channels 230 are formed with four turns 
202, 204, 206, 208. As a result of these turns 202, 204, 206, 208, air may travel through the 
channels 230 while substantially no light may pass through the channels 230. Although the 
light trap 200 is shown as having four turns 202, 204, 206, 208 in each air channel 230, it is 
to be understood the air channels may have fewer or more turns (e.g., the air channels 230 
may have three or five turns), provided that the air channels are configured to prevent 
substantially all light from passing therethrough. 
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[0058] In addition, as a result of the ability of the air channel modules 230 to nest together in 
the manner previously described, substantially no light is able to pass through a light trap 200 
comprising a plurality of air channel modules 220. As air, but substantially no light, is 
adapted to travel through the light trap 200, the light trap 200 is an effective ventilating 
apparatus for use in chicken houses. 

[0059] Although the aforementioned describes embodiments of the invention, the invention 
is not so restricted. It will be apparent to those skilled in the art that various modifications 
and variations can be made to the disclosed embodiments of the present invention without 
departing from the scope or spirit of the invention. For example, the invention may be 
adapted to other applications in which water or vapor needs to be removed from a gas (e.g., 
air) such as, for example, in scrubbers, refineries, chemical treatment facilities, etc. 
Similarly, although the sheets 122, 124 described herein are made by vacuum thermoforming 
PVC, other suitable materials (and method of forming them) may be used such as, for 
example, other plastics, stainless steel, etc. Accordingly, these other drift eliminators and 
light traps and the methods of forming them are fully within the scope of the claimed 
invention. Therefore, it should be understood that the apparatus described herein is 
illustrative only and is not limiting upon the scope of the invention, which is indicated by the 
following claims. 
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